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Abstract 
The purpose of this paper is to present a comparative analysis of two urban intermodal freight transport terminals 
focusing on last mile distribution; the port of Thessaloniki (ThPA) and Kuehne + Nagel (K+N) distribution center. 
The paper enables the pairwise comparison of different intermodal freight transport nodes acting as interchanges in a 
supply chain with a special focus on the last mile distribution. The final “product” of the analysis is the creation of 
an auxiliary or subsidiary tool to potential decision makers (e.g. shippers, forwarders, transport companies etc. users 
or customers of the two terminals within the supply chain). The evaluation of the terminals’ performance is 
elaborated based on a tailored multi criteria key performance indicator KPI-based assessment framework, while the 
selection and significance (weight) of the incorporated criteria and KPI’s is predetermined by the involved 
stakeholders imposing their point of view through an analytical hierarchy method. ThPA terminal ranked first 
according to its performance pertaining to the role of an intermodal interchange, however K+N terminal’s 
performance index was slightly lower, while in several KPIs and criteria it seemed to perform better.  
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1. Introduction 
Taniguchi et al. (1999) define city logistics as “the process for totally optimizing the logistics and transport 
activities by private companies in urban areas while considering the traffic environment, the traffic congestion and 
energy consumption within the framework of a market economy”. 
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The first organized freight activities and related facilities focusing on city logistics were established in the 
context of urban areas in the 1960’s. Due to urbanization trends prevailing during that time, the first freight and 
logistics terminals were set up as consolidation and distribution points inside the urban web in order to satisfy the 
continuously growing demand generated nearby. These patterns of increasing activity have been shaped since late 
1970’s and created significant demand for goods. During the next two or three decades, given the urban sprawl and 
the creation of metropolitan areas with increased congestion and spatial problems emerging, many of those facilities 
were established near or just outside cities. In the 2000’s, the modernization of city distribution techniques, namely 
the on-line delivery, created the need for individual and personalized trips in the context of last mile delivery 
service, increasing the traffic and environmental burden. Lately, the economic recession and the continuously 
growing city’s web attracting all business activities have reversed the decentralization efforts made from the side of 
the government and the local authorities favouring urbanism once again. Urban areas have been plagued by the 
impacts of the ongoing economic crisis to a great extent and this has resulted in changes in the urbanization trends. 
Transport demand resilience for a given population and supply system depends on the level of provided services, 
which is correlated with the innovative, smart and integrated ICT and city logistics solutions used for freight 
assignment or during the diffusion of related data and information (BESTUFS, 2015). Ιt is believed that the twenty-
first century will be a century of urbanization, since growing cities attract people due to the fact that more 
educational and leisure activities take place and there are more opportunities in creating new jobs. To this end, the 
problem of the supply of goods within urban context gained importance and, in turn, city logistics have proven as a 
great challenge. That is why the European Commission’s interest is focused on the promotion and funding of 
sustainable urban mobility plans incorporating all freight activities which coexist and co-act with passenger 
transport within the same transportation network, resulting mainly in traffic problems and environmental impact 
deteriorating the citizens’ quality of life. 
Cities face adverse impacts and so countermeasures have been introduced in order to improve the urban working 
and living environment. Noise nuisance, land use restrictions, increased freight trips and respective environmental 
impacts have caused the shifting of logistics facilities and the mitigation of their activities to exurban areas (Diziain 
et al., 2012). The issue of urban sprawl for economic activities and especially logistics is not new; historically, the 
location of logistics terminals was close to adjacent rail networks. Today, those terminals tend also to locate as close 
as possible to highway networks, airport areas (Rodrigue, 2004; Woudsma et al., 2007), and especially ports, the 
role of which is not restricted anymore only to the transhipment point for freight, but is extended to various roles 
within the supply chain (Mangan et al., 2008).  
The performance of freight terminals relies on the performance of multiple processes that are undertaken within 
these areas. The role and performance of interurban freight terminals affect the performance of urban distribution to 
a great extent, most often determining the city logistics’ system structure. Regarding freight terminals that are 
located in the suburban and interurban areas, they play a critical role in the goods’ distribution to the nearby cities as 
well. The freight assignments are organized in freight terminals in order for the goods to be forwarded to regional 
destinations more efficiently. In consolidation centres different shippers and transport and logistics service providers 
co-operate and intermodal terminals exploit the benefits of long distance transportation (e.g. maritime, rail) and last 
mile delivery (trucks), in a seamless way. Higher load factor of trucks, less traffic congestion and less environmental 
emissions are achieved (De Souza et al, 2014).   
2. The urban freight terminals 
The aim of this paper is to develop and demonstrate the assessment of the performance of two intermodal freight 
and logistics terminals, using a multi-criteria approach which takes into account most parameters concerning the 
wider supply chain and facilitates the decision-making process in the optimum terminal selection. The methodology 
is implemented in two terminals in Greece, a privately operated rail-road freight terminal, and the Port of 
Thessaloniki. A short profile of the two freight terminals is given below: 
1) The private terminal is an inland intermodal freight terminal, managed and operated by a logistics service 
provider and forwarding company (Kuehne+Nagel), which imports and exports goods to/from Greece 
using the railway network from South-Eastern Europe to Central Europe. The cargo that arrives at the 
freight terminal by train is then consolidated, organized and/or stored in the warehouse facility. 
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Alternatively, through a cross-docking process, it is loaded on trucks and distributed to inner city area or 
forwarded via trucks to regional destinations using road transport.  
2) The port of Thessaloniki is managed by Thessaloniki Port Authority S.A. being granted the exclusive right 
to use and exploit the lands, buildings and facilities of Thessaloniki Port Land Zone owned by the Greek 
State. The port provides handling services for various types of cargo (loading, unloading, servicing and 
storage), shipping services (anchoring, etc.), passenger maritime services and customs services. Apart from 
the trucks, accessibility to the freight terminal is provided to rail wagons underpinning intermodality. 
This paper reviews and implements methodologies, transport and logistics related network models and Key 
Performance Indicator (KPI) - based methods for the comparison of the two terminals, in terms of size, handling 
equipment, hours of operation, throughput (e.g. containers’ arrivals) and other components. In addition, it examines 
the ownership and operational characteristics of the terminals and highlights the efficiencies and the reasons for 
customer and freight forwarder choice of a particular terminal, which is of great interest to the overall supply chain 
considerations in the context of decision making from the side of the terminal users. For the evaluation, a Multi-
Criteria Assessment (MCA) method, based on Analytic Hierarchy Process (AHP), is used. The expected outcomes 
include a comparison of the performance of these terminals indicating the most effective one with respect to the 
performance criteria that are set and a case-specific discussion about the most efficient type of intermodality in order 
to support the last-mile distribution. The evaluation framework is based on criteria and their KPIs. Both criteria and 
respective KPIs, as well as their significance (weight) in the evaluation process are selected by the stakeholders 
involved in the operation of the two terminals, within the context of a Multi Stakeholder Multi Criteria Assessment 
Framework. Pairwise comparison has been used to assess the two terminals’ performance against the selected 
criteria and indicators.  
Presentation of the above is done in the succeeding five sections, which incorporate the following: 
x Development of the methodological framework, concerning the terminals’ analysis and pairwise comparison. In 
this section the description of the structuring of the AHP utilized for the identification of the criteria, selection of 
the KPIs and allocation of weights to criteria and KPIs is also provided. 
x Presentation of the numerical values concerning the terminals based on the quantification of KPIs. The two 
terminals’ pairwise comparison results based on their performance indices are also depicted within this section. 
x Elaboration of a sensitivity analysis in order for the validation of initial results to be conducted.  
x Elaboration of important conclusions for decision making.  
 
3. Methodological framework   
Pertaining to the pairwise comparison of the two terminals concerning their efficiency and attributes, but also in 
light of their impacts on the urban distribution, the methodological framework adopted was shaped as follows:  
1. Definition of criteria and performance indicators  
The criteria which were used regarding the assessment of the performance of these terminals are: 
management policy, supply side performance, organizational and institutional structure, terminal properties 
and level of service (Järvi and Nagel, 2013). The respective KPIs are depicted in table 1. 
2. Weight allocation to criteria and indicators 
This was done by a pairwise comparison, and finally the resulted in eigen values, which comprise the 
weights assigned to each criterion and KPI. 
3. Quantification of the performance indicators 
Each performance indicators was quantified, based on data collected by the managing companies and 
provided to the authors for this analysis.  
4. Prioritization of the terminals  
The collected data was combined and the prioritization of the terminals was resulted, based on the 
integrated and individual evaluation scores.  
The assessment of the two terminals was elaborated through a multi criteria evaluation framework based on 
criteria and their KPIs selected through the Delphi Method (Criteria Assess and Measure Evaluation process) by a 
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panel of experts constituted of the terminals’ representatives and the authors, also considering the availability of 
respective data. Towards a more holistic approach, both quantitative and qualitative criteria and indicators are 
incorporated in the analysis. In particular, based on the analysis of intermodal interchanges elaborated within the 
European Research project CLOSER (EU FP7) (Christiansen et al, 2012), several KPIs were selected and grouped 
under five criteria mentioned earlier. Some additional indicators were also incorporated based on the authors’ 
previous experience on terminal performance assessment from the project STRAIGHTSOL (EU FP7) (Andersen et 
al, 2014) and the INTERREG III B CADSES project IMONODE (Nathanail & Gogas, 2005; Nathanail, 2007). The 
numerical values of the KPIs were either accumulated as raw data through the terminals’ annual reports or estimated 
based on information acquired by the terminals’ representatives in the context of individual interviews. 
After the quantification of each KPI, their respective grades were determined based on the grading scale used in 
the afore mentioned projects, always in communication with the terminals’ representatives, adjusting the final 
grading scale taking into account their personal experience and expertise in this field adopting the DELPHI method. 
In addition, the significance of each criterion and respective KPI was investigated through the elaboration of a 
pairwise comparison in the context of the Analytic Hierarchy Process (AHP), in order to come up with their 
individual weights applied in the multi criteria analysis. All the stakeholders involved in freight assignments 
elaborated through those terminals participated in the establishment of weights through the AHP, including owners 
(e.g. managers and coordinators), infrastructure and equipment providers, users or customers (e.g. shippers, 
receivers, forwarders, transport and logistics service providers, stevedoring companies, transport agencies and third 
party logistic companies) and local state and public authorities (e.g. directorates and secretariats responsible for 
spatial planning, traffic management, customs, banks etc). The viewpoints of the above mentioned bodies and 
organizations were recorded through a questionnaire survey organized and implemented by the authors of this paper 
during the last half of 2014, in order to gain a holistic multi stakeholder multi criteria approach. 
The AHP is one of the Fuzzy Multiple Criteria Decision Making methods, providing not only a simple and very 
flexible model for a given problem, but also an easy applicable decision making methodology that assist the decision 
maker to precisely decide the judgments. As a method, it was first structured and used by Saaty (1972). The method 
has been widely used in site selection (Saaty, 1977), in strategy selection (Chen and Wang, 2010), in sustainability 
evaluation (Li and Li, 2009), in the evaluation of ICT usage in logistics (Nathanail et al., 2014) and many other 
areas.  
AHP is considered to be one of the most convenient methodologies in order to evaluate transportation issues 
and has many advantages. Firstly, any selection/priority/decision issue consists of various criteria and, frequently, 
sub-criteria as well. Also, either objective or subjective considerations or either quantitative or qualitative 
information may be evaluated through the AHP technique. Any level of details about the main focus can be listed or 
structured in this method. In this way the overview of the main focus or the problem can be represented very easily. 
Nevertheless, the AHP relies on the judgments of experts from different backgrounds; so the main focus or the 
problem can be evaluated easily from different aspects. In addition, the decision maker is in position to analyze the 
elasticity of the final decision by applying the sensitivity analysis, while it is possible to measure the consistency of 
decision maker‘s judgments. 
On the other hand, some of the main deficiencies of the method include the tremendous computational time 
requirement even for a small problem, but this is something which is faced with computer software utilized to apply 
AHP fast and precisely. Another thing is that the AHP, as a compensatory method, assumes complete aggregation 
among criteria and develops a linear additive model. The weights and scores are achieved basically by pairwise 
comparisons between all options with each other. The problem with such aggregation is that compensation between 
good scores on some criteria and bad scores on other criteria may occur. However, this paper is developing towards 
group decision-making through consensus on the geometric mean of the individual pairwise comparisons (Zahir, 
1999). 
Based on the prioritization and weighting of criteria and respective KPIs, the pairwise comparison of the two 
terminals is elaborated to indicate which of the two is more efficient regarding its services and performance, in order 
to provide a valid decision making tool for terminal selection. The prioritization of the two terminals is then tested 
through a sensitivity analysis which constitutes a technique used to determine how different values of an 
independent variable will affect a particular dependent variable under a given set of assumptions.  To this end, each 
decision criterion’s weight is increased or decreased by 10% with simultaneous counterbalance of the rest of the 
criteria weights, in order to investigate whether there is any modification in the terminal prioritization- and 
consequently achieve more objective results. In the sensitivity analysis one criterion at a time is checked. 
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The implementation of the methodology on the two terminals, leads to results which constitute a handy decision 
making auxiliary tool for freight assignment employing maritime and road transport modes or rail and road transport 
modes using the supply chain destined to Thessaloniki city for last mile delivery. 
4. Terminal comparative analysis 
The multi criteria assessment framework is based on five criteria and their respective indicators. Together with 
their weights (Wi for criteria and wij for KPIs) as determined by the involved stakeholders through the AHP, they 
are depicted in Table 1. 
The criteria and their significance, as determined by the involved stakeholders, are depicted within the first two 
columns of Table 1. In the next seven columns, the KPIs, their explanation, their values, grades and weights are 
presented. The grades of the KPIs were produced based on their numerical value (see columns 5 and 6 in Table 1) 
and the grading scale determined based on literature review (Nathanail & Gogas, 2005; Nathanail, 2007), also taking 
into account the involved stakeholders’ point of view on that through the Delphi method. In particular, based on the 
review of available sources and the expert group’s opinion, the grading scales were determined through a range of 
numerical values decided by the expert group after brainstorming, taking into consideration all the special 
characteristics and conditions in the area of study. 
Each performance index numerical value is estimated through the summing up of the products of indicators’ 
grading by the indicators’ weight. Let Wi be the weight for each criterion i (where i is one of the m qualitative or 
quantitative criteria mentioned above) and wij is the weight for each respective indicator j (where j=1,2,…,n is the 
number of indicators in each criterion i). Then, given the value vij for each indicator and considering the determined 
grading scale set by the involved stakeholders or experts, if the grade of each indicator j is gij, then the partial 
performance index, PIi, for each criterion, i (with j indicators respectively), is estimated through equation 1: 
 
                                                         n  
                                               PIi = ∑   wij * gij                                                            (1) 
                                                        j = 1 
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In the same way, taking into account the weights and values of all criteria and their respective KPIs, the total 
performance index (TPI) is estimated through equation 2: 
 
                                                     m       n 
                                          TPI = ∑   ∑   Wi * wij * gij                                               (2) 
                                                    i = 1  j = 1 
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The partial and total performance indices of the two terminals are presented in Table 2. 
In was observed that Kuehne+Nagel’s terminal performs better concerning the first criterion on “Management 
policy” due to the high multimodality rate and the higher performance on environmental burden, as well as safety 
and security issues. On the other hand, the Port of Thessaloniki terminal prevails when it comes to all the other 
criteria due to higher productivity of both personnel and equipment, while also being a little better performing in 
“terminal properties” and the provided “level of service” to partners and customers. Overall, the Port of Thessaloniki 
terminal outmaches Kuehne+Nagel’s terminal by 6.815 to 6.2375.  
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5. Conclusions 
In the framework of this paper, two terminals, potentially involved in Thessaloniki’s supply chain and last mile 
(urban) distribution, were prioritized through a pairwise comparison, being evaluated as per their attributes and 
general performance (facts and figures) according to a Key Performance Indicator (KPI)-based multi stakeholder 
multi criteria assessment framework. In order to estimate the significance of each criterion and KPI in the analysis, 
all involved stakeholders imposed their point of view through the elaboration of an Analytic Hierarchy Process 
(AHP).  
Based on the results and findings, the port of Thessaloniki (ThPA) terminal is ranked first according to its 
performance pertaining to the role of an intermodal interchange. Nevertheless, Kuehne + Nagel (K+N) terminal’s 
performance index is only 8,5% lower than ThPA’s, while in several KPIs and criteria it seems to perform better. 
The prevailing ranking of ThPA versus K+N is validated through a sensitivity analysis, while the final result is also 
justified through the PROMETHEE method, with use of the respective software. Although simpler processes could 
have been used to derive the same conclusions, the Multi-Stakeholder Multi-Critetia evaluation was selected as the 
most objective, integrated and holistic approach. 
 
Table 1. Multi-criteria assessment framework 
Criterion Wi Indicator (KPI) Description 
Value 
(vij) 
ThPA 
Value 
(vij) 
K+N 
Grade 
(gij) 
ThPA 
Grade 
(gij) 
K+N 
wij 
M
an
ag
em
en
t 
po
lic
y 
15% 
Multimodality 
rate 
Percentage of multimodal 
shipments over total 
15% 40% 2 5 20% 
Environmental 
burden 
GHG emissions, noise 
nuisance and traffic 
(low/medium/high) 
Very 
high 
Medium 1 8 20% 
Human safety 
and security 
Likelihood of human 
losses, i.e. annual number 
of human injuries / 
fatalities per respective 
vehicle kilometres 
1.2*10-
6 
2*10^-8 1 4 40% 
Infrastructure 
and equipment 
safety and 
security 
Likelihood of accidents, 
i.e. annual number of 
accidents per respective 
vehicle kilometres 
10^-5 2*10^-3 8 7 20% 
O
rg
an
is
at
io
na
l a
nd
 in
st
it
ut
io
na
l 
st
ru
ct
ur
e 
15% 
Independence of 
terminal or 
interchange 
management 
Independence from 
transport operators 
and local actors 
(yes/no/partial) 
yes partial 9 7 50% 
Fair and equal 
access 
Whether all companies 
have access to a 
terminal/interchange 
on equal conditions 
(yes/no/partial) 
yes yes 9 9 40% 
Institutional 
complexity 
Number of institutional 
levels involved in the 
interchange planning 
4 2 4 8 10% 
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Criterion Wi Indicator (KPI) Description 
Value 
(vij) 
ThPA 
Value 
(vij) 
K+N 
Grade 
(gij) 
ThPA 
Grade 
(gij) 
K+N 
wij 
Su
pp
ly
 s
id
e 
pe
rf
or
m
an
ce
 
20% 
Employee 
productivity 
Ratio between flows 
and inputs, TEU 
transhipped per employee 
and year 
9324 2560 7 4 50% 
Equipment 
productivity 
Total number of TEUs 
lifted per year and crane 
73968 15708 7 4 50% 
T
er
m
in
al
 p
ro
pe
rt
ie
s 
25% 
Saturation ratio 
(TEUs) 
Ratio between actual 
volumes and maximum 
capacity (daily average,%) 
66% 57% 4 5 10% 
Saturation ratio 
(total cargo 
tonnage) 
Ratio between actual 
volumes and maximum 
capacity (daily average,%) 
37% 50% 7 5 10% 
Expandability 
Potential for 
expandability (% 
increase compared to 
today’s capacity) 
33% 10% 6 2 10% 
Distance from 
city centre 
Number of kilometres 
from city centre to 
interchange/terminal 
<2 15 10 6 10% 
Distance from 
commercial areas 
Number of kilometres 
from terminal to nearest 
commercial centre 
<5 15 10 6 10% 
Distance from 
industrial zones 
Number of kilometres 
from interchange/terminal 
to nearest industrial zone 
15 <1 6 10 10% 
Transshipment 
time 
Time needed for loading / 
unloading per TEU 
45 mins 60 mins 6 5 10% 
Connection and 
distance to 
primary motor-
way network 
Direct, indirect or no 
access to nearest highway 
and proximity 
indirect 
(5Km) 
direct     
(1 Km) 
8 10 10% 
Connection and 
distance to 
primary railway 
network 
Direct, indirect or no 
access and proximity 
indirect 
(15Km) 
direct     
(<5 
Km) 
6 10 10% 
Connection to 
ports 
Direct, indirect or no 
access and proximity 
direct     
(0 Km) 
indirect   
(15 Km) 
10 6 5% 
Connection to 
airports 
Direct, indirect or no 
access and proximity 
indirect 
(15Km) 
indirect   
(25 Km) 
6 5 5% 
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Criterion Wi Indicator (KPI) Description 
Value 
(vij) 
ThPA 
Value 
(vij) 
K+N 
Grade 
(gij) 
ThPA 
Grade 
(gij) 
K+N 
wij 
L
ev
el
 o
f 
se
rv
ic
e 
25% 
Handling cost 
Average price paid per 
TEU transhipped (€) 
100 € / 
TEU 
210 € / 
TEU 
8 4 20% 
Punctuality 
Percentage of arrivals / 
departures within defined 
tolerance for delay 
70% 100% 7 10 20% 
Origin-
destination time 
Average time for last mile 
roundtrip in city centre 
30 mins 60 mins 8 5 10% 
Loss and damage 
Percentage of shipments 
with loss or damage 
0,50% 11,50% 9 4 15% 
Supply chain 
visibility 
Percentage of terminal 
coverage with GPS, 
RFID, CCTV, e-PoDs, 
camera surveillance 
systems etc 
partial yes 7 10 15% 
Information 
availability 
Existence of real time 
information and alerts 
inside the terminal 
partial yes 7 10 10% 
Terminal 
integration level 
Proximity and access of 
terminal to auxiliary 
services (e.g. customs) 
0,5 Km 
Direct 
< 5 Km 
Indirect 
10 8 10% 
 
Table 2. Partial and total performance indices of Port of Thessaloniki (ThPA) and Kuehne + Nagel (K+N) terminals 
 
Criterion 
Performance index 
ThPA K+N 
Management policy 2.6 5.6 
Organisational and institutional structure 8.5 7.9 
Supply side performance 7 4 
Terminal properties 7.1 6.45 
Level of service 7.9 7.2 
All criteria (Total Performance Index - TPI) 6.815 6.2375 
 
The final “product” of the analysis is the creation of an auxiliary or subsidiary tool to potential decision makers 
(e.g. shippers, forwarders, transport companies etc. users or customers of the two terminals within the supply chain). 
To take this one step further, with appropriate adjustments, to provide the potential decision maker with solid 
answers and solutions as well as with a useful tool, this paper enables the pairwise comparison of different 
intermodal freight transport nodes acting as interchanges in a supply chain with a special focus on the last mile 
distribution. So, it may well be used in order to support future decisions in the context of strategic planning 
concerning scenarios associated with the establishment of different kind of facilities in a given area, where the 
justification of the decision will have to take into account different criteria, trends, trade-offs and of course huge 
private and public investments and collaboration or business schemes, directly affecting the quality of life and the 
economy of the local area or of a broader geographical region or socioeconomic territory. 
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